Three strains of regular, long, Gram-stain-positive bacterial rods were isolated using TPY, M.R.S. and Rogosa agar under anaerobic conditions from the digestive tract of wild mice (Mus musculus). All 16S rRNA gene sequences of these isolates were most similar to sequences of 
97.2 % sequence similarities, respectively). The novel strains shared 99.2-99.6 % 16S rRNA gene sequence similarities. Type strains of L. gasseri and L. johnsonii were also most related to the newly isolated strains according to rpoA (83.9-84.0 % similarities), pheS (84.6-87.8 %), atpA (86.2-87.7 %), hsp60 (89.4-90.4 %) and tuf (92.7-93.6 %) gene sequence similarities. Phylogenetic studies based on 16S rRNA, hsp60, rpoA, atpA and pheS gene sequences, other genotypic and many phenotypic characteristics (results of API 50 CHL, Rapid ID 32A and API ZYM biochemical tests; cellular fatty acid profiles; cellular polar lipid profiles; end products of glucose fermentation) showed that these bacterial strains represent a novel species within the genus Lactobacillus. The name Lactobacillus rodentium sp. nov. is proposed to accommodate this group of new isolates. The type strain is MYMRS/TLU1 T (5DSM 24759 T 5CCM 7945 T ).
Representatives of the genus Lactobacillus are phylogenetically classified into the bacterial phylum Firmicutes, class Bacilli, order Lactobacillales and family Lactobacillaceae.
Various species of lactobacilli have been isolated from different environments rich in complex organic substrates. They are found on plant surfaces, and in plant-origin fermented products, milk, dairy and meat products, fish and marinated fish, oral cavities of mammals, urogenital tracts of mammals and gastrointestinal tract of vertebrates and insects (Hammes & Hertel, 2009; Forsgren et al., 2010) . More than 90 different species of the genus Lactobacillus have been described (Hammes & Hertel, 2009 ). However, the List of Prokaryotic names with Standing in Nomenclature (available at http://www.bacterio.net/lactobacillus.html) includes one hundred and seventy species and subspecies of the genus Lactobacillus at the time of writing. Many bacterial species that were assigned to the genus Lactobacillus have recently been reclassified into new genera within the family Lactobacillaceae (Mora et al., 2003; Endo & Okada, 2008; Salvetti et al., 2011) . Lactobacilli are generally considered as safe, non-pathogenic bacteria. In addition, many species of lactobacilli are used as probiotics in human and veterinary
Abbreviations: ITS, intergenic transcribed spacer; MLST, multilocus sequence typing.
medicine (Ohashi & Ushida, 2009) . Nevertheless, some species of lactobacilli, e.g. Lactobacillus rhamnosus, may act as pathogens and opportunistic pathogens (Gouriet et al., 2012) . Although most species of lactobacilli inhabiting the gastrointestinal tract of humans and animals are found in various animal species, some species of lactobacilli appear to be host-specific. Typical examples are some of the species inhabiting the digestive tract of horses, poultry and rodents (Mitsuoka & Fujisawa, 1987; Mukai et al., 2003; Morita et al., 2009 ).
Species such as Lactobacillus hamsteri, Lactobacillus intestinalis, Lactobacillus johnsonii and Lactobacillus murinus are common bacterial symbionts of rodents (Mitsuoka & Fujisawa, 1987; Fujisawa et al., 1990; Clavel et al., 2010; Tannock et al., 2012) . New bacterial strains isolated from the digestive tract of wild mice are characterized in this study. They represent a novel species of the genus Lactobacillus related to L. johnsonii and Lactobacillus gasseri, thus bacterial species that are often used in human medicine as probiotics (Morita et al., 2006; Yamano et al., 2006) .
Two individuals of wild mice (Mus musculus) were captured in cage traps in Central Bohemia (locality Ješetice) in 2010. Live animals were transported to the laboratory and euthanized with carbon dioxide. Fresh samples from the rectum and small intestine were aseptically transferred into tubes containing anaerobic TPY broth (Scardovi, 1986) and serially diluted in the same medium. One millilitre of each serially diluted sample was placed on TPY, M.R.S. or Rogosa agar (Oxoid) and incubated under anaerobic conditions (Anaerobic jars, Oxoid) at 37 u C for 72 h. Bacterial colonies were then immediately transferred into tubes containing anaerobic TPY or M.R.S. broth and cultivated at 37 u C for 24 h.
Nearly complete 16S rRNA gene fragments were amplified in bacterial isolates using the fD1 and rP2 primers (Weisburg et al., 1991) . Purified 16S rRNA gene fragments were subsequently sequenced by using an automatic genetic analyser, ABI PRISM 3130xl (Applied Biosystems (Stackebrandt & Ebers, 2006) . However, the MLST (multilocus sequence typing) technique was chosen to confirm the status of the novel bacterial species in this study. This technique has been used for all three strains. Partial sequences of hsp60 (heatshock protein 60 kDa; Dobson et al., 2002) , pheS (phenylalanyl t-RNA synthase alpha subunit; Naser et al., 2005b) , rpoA (RNA polymerase alpha subunit; Naser et al., 2005b) , atpA (ATP synthase alpha subunit; Naser et al., 2005a) and Tuf (putative elongation factor Tu; Ventura et al., 2003) genes were amplified, sequenced and compared with those of the most closely related bacterial strains as described above. The ITS (intergenic transcribed spacer) region was also sequenced in the type strain MYMRS/TLU1
T (Dobson et al., 2002 T was observed with L. gasseri JCM 1025 (81.5 %; GenBank accession number AF182721). These relatively low levels of sequence similarity confirm the conclusions that new isolates represent a novel species within the genus Lactobacillus. Notably, we found high 16S rRNA, hsp60, rpoA, Tuf and atpA sequence similarities between the type strains of L. gasseri and L. johnsonii with values of 99.2 % (GenBank accession numbers AF519171 and AJ002515), 96.5 % (HE573894 and HE573895), 97.8 % (HE573912 and HE573911), 97.4 % (AY372047 and AY372036) and 93.6 % (AM087875 and AM087879), respectively. In addition, a high value of 99.1 % ITS (GenBank accession numbers AF182721 and EU547283) sequence similarity was determined between these two species of lactobacilli. Based on these results, further sophisticated analyses will be needed to decide whether these bacterial strains really represent two different bacterial (sub)species.
It was necessary to confirm the results based on sequence similarities of phylogenetic markers by phylogenetic analysis and determination of phenotypic characteristics. Thus, 16S rRNA genes of type strains of species belonging to the genus Lactobacillus and representatives of some related bacterial genera were obtained from the GenBank database. Sequences were then aligned using the CLUSTAL W algorithm in the MEGA 5.05 program (Tamura et al., 2011) . The alignments were improved by removing hypervariable positions using the program Gblocks under the default conditions (Castresana, 2000) . The same procedure was also used in the case of phylogenetic analyses based on hsp60, rpoA, atpA and pheS gene sequences. The maximum-likelihood algorithm within the MEGA 5.05 program was used for phylogenetic tree reconstructions. Resulting phylogenetic trees based on 16S 
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International Journal of Systematic and Evolutionary Microbiology 64 rRNA ( Fig. 1) , hsp60, rpoA, atpA and pheS (Figs S1-4, available in the online Supplementary Material) gene sequences revealed that the new bacterial strains MYMRST/ LU1 T , MYTPY/TEN3 and MYMRS/TEN2 are situated on a separate phylogenetic branch between the species L. gasseri, L. johnsonii and Lactobacillus iners, respectively. Greater difference in sequence similarity among the strains studied was detected only in the case of the pheS gene. This fact is shown in the phylogenetic tree based on pheS gene sequences (Fig. S4) . The concatenation of genes has been shown to be extremely useful in order to infer bacterial phylogeny (Teichmann & Mitchison, 1999) . Phylogenetic trees reconstructed on the basis of the concatenated amino acid sequences of the hsp60, pheS and rpoA genes demonstrated that the new bacterial strains are closely related to each other, but phylogenetically distinct from L. gasseri and L. johnsonii (data not shown).
The DNA G+C contents of all new strains, L. gasseri DSM 20243 T and L. johnsonii DSM 10533 T were determined using the enzymic degradation method with some modifications as described previously (Killer et al., 2011) 
gluconate, 2-ketogluconate or 5-ketogluconate. All strains were positive for a-glucosidase, b-glucosidase, arginine arylamidase, tyrosine arylamidase, phenylalanine arylamidase, leucine arylamidase, alanine arylamidase, glycine arylamidase, histidine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase and serine arylamidase. All strains were negative for urease, arginine dihydrolase, 6-phospho-b-galactosidase, a-arabinosidase, b-glucuronidase, a-fucosidase, nitrate reduction, indole production, alkaline phosphatase, glutamyl glutamic acid arylamidase, esterase lipase (C8), lipase (C14), trypsin, a-chymotrypsin, a-mannosidase, gelatin hydrolysis, catalase and oxidase. +, Positive reaction; 2, negative reaction; W, weakly positive reaction. DNA-DNA hybridization was subsequently used to confirm the status of the novel bacterial species because the 16S rRNA gene similarity to the closest related species was greater than 97 % (Tindall et al., 2010) . DNA-DNA hybridizations were performed among strains MYMRS/ TLU1 T , L. gasseri DSM 20243 T and L. johnsonii DSM 10533 T . The new isolates from wild rodents were also tested to confirm whether they really belong to the same bacterial species. DNA was extracted from 0.75-1.25 g (wet wt) by using the protocol described by Gevers et al. (2001) . The microplate method was used as described by Ezaki et al. (1989) and Goris et al. (1998) using an HTS7000 Bio Assay Reader (Perkin Elmer) for fluorescence measurements. Biotinylated DNA was hybridized with unlabelled singlestranded DNA, which was bound non-covalently to microplate wells. Hybridizations were performed at 37 u C in hybridization mixture. The substrate utilization and enzyme activity patterns of the three new bacterial strains, L. gasseri DSM 20243 T and L. johnsonii DSM 10533 T were determined using API 50 CHL, Rapid ID 32A and API ZYM test strips (bioMérieux). All strains were also tested for oxidase activity (Lui & Jurtshuk, 1986 ) and hydrolysis of gelatin by the API 20E system (bioMérieux). Effect of temperature and pH on the growth of the above-mentioned bacterial strains was assessed as described previously (Killer et al., 2013) . Table 1 shows the main phenotypic differences among the new bacterial strains and the most closely related species according to the results of the 16S rRNA gene sequence similarities. They differ from each other in fermentation of thirteen carbohydrates and production of ten enzymes.
Capillary isotachophoresis was used for determination of the end products of hexose catabolism in strain MYMRST/ LU1 T according to Killer et al. (2011) . The strain was also tested for production of D-and L-lactic acid by the D-/ L-lactic acid kit (Megazyme). Gas production from glucose was assayed using a Durham tube in MRS broth. Lactic acid at a concentration of 124.3 mmol l 21 (70 % of all short-chain fatty acids produced) was the main end product of glucose fermentation. Acetic and propionic acids were also quantified in the strain at concentrations of 44.4 mmol l 21 (25 %) and 9.4 mmol l 21 (5 %), respectively. These results, along with the inability to utilize pentoses and gluconates, and produce gas from glucose, suggest the new strain belongs to the group of obligately homofermentative lactobacilli (type A of glucose fermentation according to Hammes & Hertel, 2009 ). Cells of strain MYMRS/TLU1
T produced only L-lactic acid from D-glucose.
Scanning electron microscopy (Killer et al., 2009 ) was used to determine detailed cell morphology in strain MYMRS/ TLU1 T . Cells of this strain were regular, long rods occurring mostly singly and occasionally in pairs (Fig. S5) .
Susceptibility to 33 different antibiotics and two chemotherapeutics by the disc diffusion method (Vlková et al., 2006) was assessed as an additional phenotypic characteristic of strain MYMRS/TLU1 T . The tested strain was susceptible to cephalosporines (five out of eight tested), macrolides and penicillin-derived antibiotics and resistant to cephalosporines (three out of eight tested), aminoglycosides, fluoroquinolones and sulfonamides. Similar results have recently been found in different species of lactobacilli (Karapetkov et al., 2011) . All results of susceptibility testing are shown in Table S1 . Cellular fatty acid profiling was performed in all new strains from the digestive tract of wild mice, L. gasseri DSM 20243
T and L. johnsonii DSM 10533 T by the method J. Killer and others described in our previous study (Killer et al., 2009) . For the purposes of this analysis, all strains were grown under identical conditions in MRS broth at 37 u C for 48 h. Higher relative proportions of C 17 : 1 , C 24 : 0 and C 16 : 1 fatty acids (Table 2) T by the Identification Service Department of DSMZ (Braunschweig, Germany) by methods described previously (Killer et al., 2010) . The total hydrolysate of the peptidoglycan contained the amino acids alanine, glycine, threonine, serine, asparagine, glutamic acid and lysine in an approximate ratio of 0.9 : 0.4 : 0.4 : 0.4 : 1.0 : 0.9. The above-mentioned type of peptidoglycan was determined in the majority of known species of lactobacilli (Hammes & Hertel, 2009 ).
The profile of cellular polar lipids was determined in strain MYMRS/TLU1
T as an additional chemotaxonomic characteristic. Analysis of cellular polar lipids was provided by the Identification Service Department of DSMZ according to the methods of Bligh & Dyer (1959) and Tindall et al. (2007) . Bacterial strain MYMRS/TLU1 T was cultivated under anaerobic conditions in MRS medium for 24 h at 37 u C. Bacterial cells were then centrifuged and lyophilized. Diphosphatidylglycerol, phosphatidylglycerol, two phospholipids and several different glycolipids were determined in cells of strain MYMRS/TLU1 T (Fig. S6) . Phosphatidylethanolamine, phosphatidylglycerol and phospholipids were previously detected in lactobacilli (Arbogast & Henderson, 1975; Kim et al., 2011; Liang et al., 2011) .
All results of genotypic and phenotypic characteristics suggest that the new bacterial isolates from the gastrointestinal tract of wild rodents may be classified in a novel species for which the name Lactobacillus rodentium sp. nov. is proposed.
Description of Lactobacillus rodentium sp. nov.
Lactobacillus rodentium (ro.den9ti.um. L. gen. n. rodentium of gnawers, referring to the fact that the organism was isolated from wild rodents). Positive for a-glucosidase, b-glucosidase, b-galactosidase, arginine arylamidase, tyrosine arylamidase, phenylalanine arylamidase, leucine arylamidase, alanine arylamidase, glycine arylamidase, histidine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, esterase (C4) (weakly positive reaction) and serine arylamidase. Negative for urease, arginine dihydrolase, 6-phospho-b-galactosidase, a-arabinosidase, b-glucuronidase, a-fucosidase, pyroglutamic acid arylamidase, nitrate reduction, indole production, alkaline phosphatase, glutamyl glutamic acid arylamidase, proline arylamidase, N-acetyl-b-glucosaminidase, esterase lipase (C8), lipase (C14), trypsin, a-chymotrypsin, a-mannosidase, gelatin hydrolysis, catalase and oxidase. Variable in production of a-galactosidase, glutamic acid decarboxylase, glycine arylamidase, leucyl glycine arylamidase and naphthol-AS-BIphosphohydrolase. The peptidoglycan structure type is A4a L-Lys-D-Asp. Diphosphatidylglycerol, phosphatidylglycerol, two phospholipids and several different glycolipids are present. Susceptible to cephalosporines, macrolides, penicillin-derived antibiotics and chemotherapeutic mupirocine. Resistant to aminoglycosides, fluoroquinolones, sulfonamides and chemotherapeutic metronidazole (Table  S1 ). Major fatty acids in cells are C 17 : 1 , C 22 : 2 , C 23 : 0 and C 24 : 0 (Table 2) . DNA G+C content is in the range 43.4 to 44.1 mol%.
The type strain, MYMRS/TLU1 T (5DSM 24759 T 5CCM 7945 T ) was isolated from the colon of wild mice (Mus musculus) captured in cage traps in Central Bohemia (locality Ješetice) in 2010. The DNA G+C content of the type strain is 43.7 mol%. Additional strains of the species are MYMRS/TEN2 and MYTPY/TEN3.
